Introduction {#sec1-1}
============

Pharmaceuticals from natural origin have been used by man since time immortal for a variety of purpose including the treatment of pain. Opium has dictated its use to treat pain from prehistoric era. With the development of ultramodern techniques, isolation and utilizations of phytochemicals has turned out the domain of disease. In the field of pain management, a constant research based on natural pharmacophores and its interaction with analgesic targets, has lead to search of many potential therapeutic agents.\[[@ref1]\]

Edible mushrooms have been used as flavorful foods and as health nutritional supplements for several centuries. For the Chinese, some mushrooms are especially regarded as medical substances to increase health and longevity. Nevertheless, systemic studies of its bio-function were not performed until the last third of this past century when biochemical technology for dissecting these traditional medicinal mushrooms and isolating their most active anticancer constituents became available. A number of bioactive molecules have been identified in numerous mushroom species.\[[@ref2]\]

Macrofungi are considered as an important food source and as folk remedy since Greek and Roman days.\[[@ref3]\] Dioscorides was one to recognize the medicinal potential of mushrooms. Mummified Iceman, 5300 year-old Otzi, was found to carry *Piptoporus betulinus* (Bull.) P. Karst. and *Fomes fomentarius* (L.) J.J. Kickx. Basidiomycetes have been widely studied over the past thirty years in terms of their polysaccharide composition and therapeutic application.\[[@ref4]\]

*Pleurotus* has been regarded as an edible mushroom for many years.\[[@ref5][@ref6]\] *P. florida* possess antioxidant, immunostimulator, antitumor and anti-inflammatory activities.\[[@ref7][@ref8]\] Recently, Ganeshpurkar *et al*., reported *in vitro* anticataract potential of *P. florida*.\[[@ref6]\] *P. florida* is also a rich source of phenolics and flavonoids that are responsible for anthelmintic potential.\[[@ref9]\] Mushrooms are also known to contain anti-inflammatory activity. American Oyster Mushroom possesses antinoceceptive activity.\[[@ref10]\] However, no such activity is reported for *P. florida*. Therefore the aim of current work was to evaluate the analgesic and anti-inflammatory activity of Oyster Mushroom *P. florida*.

Materials and Methods {#sec1-2}
=====================

 {#sec2-1}

### Preparation of Extract {#sec3-1}

The mushroom basiciocarp were provided as gift sample from Mycology Research Laboratory, Rani Durgavati University, Jabalpur (M.P.). The voucher specimen (HDBJ\#43) was deposited in Mycology Research Laboratory, Rani Durgavati University, Jabalpur (M.P.). Mushrooms were dried in shade, coarsely powered and used for preparation of extracts. The powder was extracted with ethanol:water (1:1) by stirring for 48 h and filtered through Whatman No. 4 filter paper. The residue was then extracted with two additional 200 ml portions of ethanol: water (1:1) as described above. The combined extract (HEE) was then evaporated at 40°C to dryness, and stored at 4°C for further use.

### Phytochemical Screening {#sec3-2}

Phytochemical screening of the extract was done as per the standard method.\[[@ref11]\]

### Animals {#sec3-3}

Male albino rats of Wistar strain (150-200 g), maintained under standard conditions (27 ± 2°C; relative humidity 60 ± 5 %, light dark cycle of 12 hrs) and fed with standard pellet diet and water *ad libidum* were used for present study. All the experimental protocols were duly approved by Institutional Animal Ethics Committee, Kelaniketan Polytechnic College, Jabalpur (M.P.), India.

### Drugs {#sec3-4}

Indomethacin (Sun Pharma), pethidine sodium (Neon Labs), naloxone (Samarth Pharma), metoclopramide (Lupin Pharma) and diclofenac (Torrent) were purchased from respective companies.

### Acute Toxicity Studies {#sec3-5}

HEE of *P. florida* was studied for acute oral toxicity as per revised OECD guidelines No. 423.\[[@ref12]\] The extract was devoid of any toxicity in rats when given in doses up to 5000 mg/kg by oral route. Hence 250 and 500 mg/kg doses of extract were used for the study.

### Analgesic Activity {#sec3-6}

Analgesic activity of HEE of *P. florida* was determined by following methods

### Eddy\'s Hot Plate Test {#sec3-7}

The animals were divided into four groups of five animals each. Group I served as control. Group II served as standard and were injected pethidine sodium (4 mg/kg, ip). Group III and IV were treated orally with HEE of 250 and 500 mg/kg body weight, respectively. The animals were individually placed on the hot plate maintained at 55°C, one hour after their respective treatments. The response time was noted as the time at which animals reacted to the pain stimulus either by paw licking or jump response, whichever appeared first. The cut off time for the reaction was 15 seconds.\[[@ref13]\] Further to investigate the effect of naloxone on rats along with HEE, animal were divided into two groups of five animals each. First group received only HEE (500 mg/kg, po) while other group received Naloxone (1 mg/kg) and HEE (1.5 mg/kg, po). Effect of metoclopramide (1.5 mg/ kg) on rats was studied similarly as in case of noloxone. In both cases, after 30 min animals form both groups were subjected for trial on hot plate and change in response was observed.

### Tail Flick Test {#sec3-8}

The animals were divided into four groups of five animals each. Group I served as control. Group II served as standard and were injected diclofenac sodium (9 mg/kg) intraperitonially. Group III and IV were treated orally with HEE of 250 and 500 mg/kg body weight respectively. After one hour, the tip of tail was dipped up to 5 cm into hot water maintained at 58°C. The response time was noted as the sudden withdrawal of the tail from the hot water. Cut off time of 10 seconds was maintained to avoid damage to the tail for all groups. The time required for flicking of the tail, was recorded, to assess response to noxious stimulus.\[[@ref14]\]

### Acetic Acid-Induced Writhing Response {#sec3-9}

To evaluate the analgesic effects of the plant extract, the method described by Dharmasiri *et al*.,\[[@ref15]\] was followed with slight modifications. Different groups of five rats each received orally normal saline solution (2 ml/kg) (i.e. control), indomethacin (10 mg/kg), or HEE (250 and 500 mg/kg). Thirty minutes later, 0.7% acetic acid (10 ml/kg) solution was injected intraperitoneally to all the animals in different groups. The number of writhes (abdominal constrictions) occurring between 5 and 20 min after acetic acid injection was counted. A significant reduction of writhes in tested animals compared to those in the control group was considered as an antinociceptic response.

### Formalin Test {#sec3-10}

Pain was induced by injecting 0.05 ml of 2.5% formalin (40% formaldehyde) in distilled water in the subplantar of the right hindpaw. Rats (five per group) were given HEE (250 and 500 mg/ kg, p.o.), indomethacin (10 mg/kg, ip), pethidine (4 mg/kg, ip), and distilled water (p.o.) 30 min prior to injecting formalin. These rats were individually placed in a transparent plexiglass cage (25 × 15 × 15 cm) observation chamber. The amount of time spent licking and biting the injected paw was indicative of pain and was recorded in 0-5 min/0-300 s (first phase) and 20-60 min /1200-3600s (second phase).\[[@ref16]\]

### Anti-Inflammatory Activity {#sec3-11}

The anti-inflammatory activity of the extracts was determined as reported elsewhere.\[[@ref17]\] The rats were divided into four groups of five rats each. The control group received 1% (v/v) Tween 80 in water, p.o. at a dose of 10 ml/kg. The positive control group was treated orally with the standard drug, indomethacin (10 mg/kg). HEE was administered to the other groups in doses of 250 and 500 mg/kg. All the suspensions were administered 30 min before the induction of oedema by administering 0.1 ml of 1% w/v carrageenan in saline. The degree of paw oedema of all the groups was measured using a plethysmometer at 30, 60, 120, 180 and 240 min after the administration of carrageenan to each group.

### Evaluation of Sedative Activity {#sec3-12}

Ten rats were randomly divided into two equal groups (n = 5) and were fasted for 12 h. The rats in Group I were orally administered 2.5 ml of the 500 mg/kg freeze-dried suspension of HEE and those in Group II were orally administered 2.5 ml normal saline. Each of these rats were then placed on a rat hole-board apparatus\[[@ref18]\] and observed for 7.5 min. During this period, the number of head dips, rears, locomotor activity, and number of fecal boluses expelled were counted.

### Rotarod Test {#sec3-13}

The effect of compounds on locomotor performance was tested on the rotarod apparatus as described previously.\[[@ref19]\] Twenty-four hours before the experiments, all animals were trained in the rotarod (3.7 cm in diameter, 16 r.p.m) until they could remain in the apparatus for 60 s without falling. On the day of the experiment, rats were treated with diazepam (10 mg/kg, i.p) and tested in the rotarod from 0.5-1 h after their administration. Same procedure was followed with Group II animals (n = 5) treated with HEE (500 mg/kg). The latency to fall and the number of fall from the apparatus were recorded with a stopwatch for up to 240 s.

### Statistical Analysis {#sec3-14}

Data are given as mean ± standard error of mean. Data were analyzed with ANOVA where control group was compared with rest group. Significance was set at ^\*^*p* \< 0.05, ^\*\*^*p* \< 0.01, ^\*\*\*^*p* \< 0.001.

Results {#sec1-3}
=======

 {#sec2-2}

### Phytochemical Screening {#sec3-15}

Mushroom extract (HEE) obtained was yellow brown in color. Phytochemical screening revealed the presence of flavonoids, phenolics, carbohydrates, aminoacids and alkaloids.

### Eddy\'s Hot Plate Test {#sec3-16}

The results of the hotplate test \[[Figure 1](#F1){ref-type="fig"}\] revealed that the reaction time for the rats was significantly increased from the dose of 250 mg/kg (9.14 ± 0.14 s, *P* \< 0.01) and above. This was somewhat dose dependent. Pethidine at a dose of 4 mg/kg significantly (9.94 ± 0.16 s, *P* \< 0.01) increased the pain latency. Naloxone effectively blocked the effect of extract \[[Figure 2](#F2){ref-type="fig"}\], unlike metoclopramide \[[Figure 3](#F3){ref-type="fig"}\].

![Effect of *P. florida* extract on hot plate activity in wistar rats. Results are given as mean ± SEM of five animals in each group. Control group compared with rest of the treated groups. Significance at ^\*^*P* \< 0.05; ^\*\*^*P* \< 0.01; ^\*\*\*^*P* \< 0.001](IJPharm-45-66-g001){#F1}

![Effect of *P. florida* extract along with naloxone on hot plate activity in wistar rats. Results are given as mean ± SEM of five animals in each group. Control group compared with rest of the treated groups. Significance at ^\*^*P* \< 0.05; ^\*\*^*P* \< 0.01; ^\*\*\*^*P* \< 0.001](IJPharm-45-66-g002){#F2}

![Effect of *P. florida* extract along with Metaclopramide on hot plate activity in wistar rats. Results are given as mean ± SEM of five animals in each group. Control group compared with rest of the treated groups. Significance at ^\*^*P* \< 0.05; ^\*\*^*P* \< 0.01; ^\*\*\*^*P* \< 0.001](IJPharm-45-66-g003){#F3}

### Tail Flick Test {#sec3-17}

After a latency period of 1h following oral administration of the HEE at a dose of 250 mg/kg, there was significant reduction to painful sensation. The antinociceptive property of the extract at 500 mg/kg was profound at 2 h \[[Figure 4](#F4){ref-type="fig"}\].

![Effect of *P. florida* extract on tail flick response in wistar rats. Results are given as mean ± SEM of five animals in each group. Control group compared with rest of the treated groups. Significance at ^\*^*P* \< 0.05; ^\*\*^*P* \< 0.01; ^\*\*\*^*P* \< 0.001](IJPharm-45-66-g004){#F4}

### Acetic Acid-Induced Writhing Response {#sec3-18}

The effect of the HEE on writhing response in rats is shown in [Figure 5](#F5){ref-type="fig"}. HEE at dose 500 mg/kg p.o. caused an inhibition on the writhing response induced by acetic acid. The maximal inhibition of the nociceptive response was achieved at a dose of 500 mg/kg. A similar inhibition was observed with indomethacin

![Effect of *P. florida* extract on acetic acid induced writhing in wistar rats. Results are given as mean ± SEM of five animals in each group. Control group compared with rest of the treated groups. Significance at ^\*^*P* \< 0.05; ^\*\*^*P* \< 0.01; ^\*\*\*^*P* \< 0.001](IJPharm-45-66-g005){#F5}

### Formalin Test {#sec3-19}

Intraplantar injection of 2.5% formalin evoked a characteristic biphasic licking response. The duration of licking for the early phase (0-300 sec) was 75.2 ± 3.11 s and for the late phase (1200-3600 sec) was 855.2 ± 15.11 s in control groups. As shown in [Figure 6](#F6){ref-type="fig"}, pretreatment (3600 sec) with different doses of HEE at the dose 500 mg/kg had significant effect against the duration of licking activity in the early and late phase.

![Effect of *P. florida* extract on formalin induced pain in wistar rats. Results are given as mean ± SEM of five animals in each group. Control group compared with rest of the treated groups. Significance at ^\*^*P* \< 0.05; ^\*\*^*P* \< 0.01; ^\*\*\*^*P* \< 0.001](IJPharm-45-66-g006){#F6}

### Anti-Inflammatory Activity {#sec3-20}

There was a significant decrease in the paw thickness after 3 h HEE at the dose 250 mg/kg showed paw volume 0.182 ± 0.041 and at 500mg/kg 0.156 ± 0.024 when compared to standard (0.128 ± 0.083) \[[Figure 7](#F7){ref-type="fig"}\].

![Effect of *P. florida* extract on carageenan induced edema in wistar rats. Results are given as mean ± SEM of five animals in each group. Control group compared with rest of the treated groups. Significance at ^\*^*P* \< 0.05; ^\*\*^*P*\< 0.01; ^\*\*\*^*P*\< 0.001](IJPharm-45-66-g007){#F7}

### Evaluation of Sedative Activity {#sec3-21}

No significant result was observed which could justify the sedative potential of mushroom. In muscle strength test, latency to fall was 12.344 ± 0.125 v/s 13.175 ± 0.211 (Control v/s HEE 500 mg/kg treated).

Discussion {#sec1-4}
==========

The present study was conducted to assess the anti-nociceptive and anti-inflammatory properties of hydroethanolic extract of *P. florida*. The methods selected were chemical nociception in the test model of acetic acid-induced writhing and thermal nociception hot plate and tail immersion test. These methods were selected to evaluate both centrally and peripherally mediated effects of *P. florida*. To study anti-inflammatory potential, carageenan induced edema method was studied.

The hot-plate test is commonly used to assess narcotic analgesia. HEE showed antinociceptive effects in this test. Hence, it is assumed that *P. florida* has analgesic effect at the central nervous system. This observation together with the antinociceptive effect seen with naloxone and the lack of activity with metoclopramide reinforces the notion that the antinociceptive activity of HEE is related to the activation of the opioid system.\[[@ref20]\]

Dopamine, a catecholamine neurotransmitter, is known to demonstrate analgesic effect due to D~2~ receptor activation.\[[@ref21]\] Metoclopramide is a D~2~ receptor blocker. In the current work, administration of metoclopramide along with mushroom extract did not altered pain perception and analgesic effect on animal (as evident by analgesic effect in presence of metoclopramide) which demonstrates noninvolvement of dopamine in analgesic effect.

It is known that the tail immersion/tail-flick response appears to be a spinal reflex, and is regarded as a specific screening method for centrally acting analgesics. On the other hand, the progressive influence of HEE on the reaction time submitted to the tail flick test is consistent with the interpretation that its analgesic property might have a central origin.\[[@ref22]\]

The writhing test is a very sensitive method for preliminary evaluation of anti-nociceptive activity and the ED~50~ values obtained in animals using this test can be correlated with the analgesic doses in humans,\[[@ref23]\] still it cannot indicate whether the effects result from central and/or peripheral actions. The analgesic potential of the extract was shown by acetic acid test to be significant but was not specific.\[[@ref19]\] The test did not indicate if the potential resulted from central and/or peripheral actions. To clarify that, formalin test\[[@ref16]\] was conducted which is the most predictive of the models of acute pain. Intraplantar injection of 2.5% formalin evoked a characteristic biphasic licking response, an early phase corresponding to acute neurogenic pain, sensitive to drugs that interact with the opioid system and a late phase corresponding to inflammatory pain responses inhibited by analgesic-anti-inflammatory drugs.\[[@ref16]\] Morphine, a central nervous system analgesic drug, inhibits both phases, while aspirin, a peripherally acting drug, inhibits only the second phase. In our study, HEE produced a marked reduction of the duration of the licking in the both phase, corresponding to the inflammatory reaction suggesting its activity on CNS.

Carrageenan-induced paw oedema is a commonly used primary test for the screening of new anti-inflammatory agents and is believed to be biphasic.\[[@ref24]\] The first phase (1-2 h) is due to the release of histamine or serotonin and the second phase of oedema is due to the release of prostaglandin.\[[@ref25]\] The results of this study indicate that the HEE significantly reduced carrageenan induced paw oedema in rats. Therefore, the mechanism of action may be by inhibition of histamine, serotonin or prostaglandin synthesis.

Mushrooms are known to contain a large variety of myoconstituents like flavonoids, phenolics, polysaccharides and polysaccharopeptides which are documented to possess therapeutic potential.\[[@ref3][@ref7]--[@ref9]\] In present work, these myoconstituents might be responsible to show analgesic effect. Thus in nutshell, *P. florida* showed excellent analgesic and anti-inflammatory activity in rats. Further studies on isolation and identification of the active compounds may provide a better source for developing new therapeutic agents.
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